In 1989, Kahne and his colleagues reported that phenyl glycosyl sulfoxides could act as excellent glycosyl donors in the presence of triflic acid (TfOH) or triflic anhydride.
Fig. 1. Structures of Odorless Benzenethiols, Thioglycoside and Glycosyl Sulfoxide
to separate two diastereomers of the acceptors for practical application of the glycosylation. Other combinations of the glycosyl donor and acceptor, e.g., 2c and 5b, gave unsatisfied yields (Ͻ5%). In addition, the glycosylation of 5b with 2f-g did not yield the desired product at all and donors 2f, g were recovered in good yield (66% and 99%, respectively) while complete consumption of the acceptor substrate 5b was observed on monitoring the reaction.
Herein, we challenged the synthesis of a trisaccharide by taking advantage of the reaction of 2e and 5a, b (Table 1 , entries 2-4). In order to apply the synthesis of disaccharides 6b, c to further glycosylation, the sulfoxide group had to be reduced to the sulfide group. After several attempts, the combination of triphenylphosphine and carbon tetrachloride under the refluxed condition of acetonitrile 18) could convert 6b and 6c to the appropriate sulfides 11a and 11b, respectively, in good yield (82%, 84%). Glycosylation of methyl 2,3,4-tri-O-benzyl-a-D-glucopyranoside 12 using 11a, b as the glycosyl donor was also achieved to afford trisaccharides 13a, b in satisfactory yield (50%, 76%), although a mixture of a and b isomers (1 : 2.5) was produced in the former reaction (Chart 3).
Conclusion
In conclusion, we found that the combination of poctyloxylphenyl N-phthaloyl-D-thio-glucosaminide and p- Chart -dioxane (0.3 ml) was added to a solution of 10b (30.3 mg, 0.032 mmol) in 1,4-dioxane (2 ml) and the reaction mixture was stirred for 5 h at room temperature. After the reaction, the reaction mixture was neutralized with a saturated aqueous solution of sodium bicarbonate. The mixture was then extracted with ethyl acetate and the organic layer was washed with brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified by preparative thin layer chromatography on silica gel (n-hexane : ethyl acetateϭ2 : 1) to afford compound 2b (19.2 mg, 85% (6.61 g, 27.7 mmol) and boron trifluoride etherate (3.5 ml, 27.6 mmol) were successively added to a solution of 1,2,3,4,6-penta-O-acetyl-D-glucopyranose (4.95 g, 12.7 mmol) in dichloromethane (50 ml) at 0°C and the reaction mixture was stirred for 12.5 h at room temperature. The reaction was quenched by adding distilled water and the mixture was extracted with ethyl acetate. The organic layer was washed with a saturated aqueous solution of sodium bicarbonate and brine, successively, dried over magnesium sulfate, and condensed in vacuo. The residue was purified by column chromatography on silica gel (nhexane : ethyl acetateϭ3 : 1) to afford 2c (6.44 g, 89% p-Octyloxyphenyl 2,3,4,6-Tetra-O-benzyl-1-thio-b b-D-glucopyranoside (2f) Sodium hydride (55% in mineral oil, 209 mg, 4.78 mmol) was added to a solution of compound 8 in N,N-dimethylformamide (9.0 ml) and the mixture was stirred at 0°C for 10 min. Keeping the temperature, benzyl bromide (567 ml, 4.78 mmol) was added drop wise to the reaction mixture, which was stirred for 6 h at room temperature. After the reaction, the reaction mixture was poured into ice water, which was extracted with diethyl ether. The organic layer was successively washed with small amount of distilled water, a saturated aqueous solution of sodium thiosulfate, and brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified by column chromatography on silica gel (n-hexane : ethyl acetateϭ 10 : 1) to afford 2f (388 mg, 53% p-Octyloxyphenyl 2,3,4-Tri-O-benzyl-b b-D-glucopyranosyl Sulfoxide (5a) m-Chloroperbenzoic acid (77%, 304.9 mg, 1.36 mmol) was added to a solution of 2a (0.87 g, 1.30 mmol) in dichloromethane (15 ml) at 0°C and the reaction mixture was stirred for 0.5 h with keeping the temperature. After the reaction, the reaction mixture was poured into a saturated aqueous solution of sodium bicarbonate, which was extracted with ethyl acetate. The organic layer was successively washed with a saturated aqueous solution of sodium thiosulfate, a saturated aqueous solution of sodium bicarbonate, and brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified column chromatography on silica gel (chloroform) to afford compound 5a (797.8 mg, 90%).
Structures and Preparation of 2a-f and Glycosyl Sulfoxide 5a-c
Less 31 mmol) in dichloromethane (50 ml) at 0°C and the reaction mixture was stirred for 1 h with keeping the temperature. After the reaction, the reaction mixture was poured into a saturated aqueous solution of sodium bicarbonate, which was extracted with chloroform. The organic layer was successively washed with a saturated aqueous solution of sodium thiosulfate, a saturated aqueous solution of sodium bicarbonate, and brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified column chromatography on silica gel (n-hexane : ethyl acetateϭ 1 : 1) to afford compound 5b (1.44 g, 85% 3, 4) (100.6 mg, 0.174 mmol) in dichloromethane (4.0 ml) at 0°C and the reaction mixture was stirred for 1 h with keeping the temperature. After the reaction, the reaction mixture was poured into a saturated aqueous solution of sodium bicarbonate, which was extracted with chloroform. The organic layer was successively washed with a saturated aqueous solution of sodium thiosulfate, a saturated aqueous solution of sodium bicarbonate, and brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified column chromatography on silica gel (CHCl 3 ) to afford compound 5c (90.3 mg, 87%).
Less .089 mmol) and a quite small amount of triflic acid (1 drop with a capillary) were added to a suspension of 2c (21.9 mg, 0.039 mmol), 5a (the less polar isomer) (24.0 mg, 0.035 mmol), and molecular sieves 4A (MS 4A) (150 mg) in dichloromethane (3 ml) at Ϫ50°C. After stirring the mixture for 2 h while keeping the temperature, the reaction mixture was filtered through Hyflo super ® which was washed with ethyl acetate. The filtrate was diluted with an aqueous solution of sodium bicarbonate and sodium thiosulfate, and extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate, and evaporated. The residue was purified by silica gel column chromatography (n-hexane/ethyl acetateϭ2 : 1) to afford 6a (12 106 mmol) and a quite small amount of triflic acid (1 drop with a capillary) were added to a suspension of 2e (41.6 mg, 0.063 mmol), 5b (the less polar diastereomer) (30.7 mg, 0.042 mmol), and molecular sieves 4A (MS 4A) (150 mg) in dichloromethane (3 ml) at Ϫ50°C. After stirring the mixture for 15 min while keeping the temperature, the reaction mixture was filtered through Hyflo super ® which was washed with ethyl acetate. The filtrate was diluted with an aqueous solution of sodium bicarbonate and sodium thiosulfate, and extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate, and evaporated. The residue was purified by silica gel column chromatography (nhexane/ethyl acetateϭ1 : 1) and preparative thin layer chromatography (nhexane/ethyl acetateϭ1 : 1) to afford 6c (32.1 mg, 66% , 5b (a mixture of two diastereomers on the sulfur atom) (31.6 mg, 0.043 mmol), and molecular sieves 4A (MS 4A) (150 mg) in dichloromethane (3 ml) at Ϫ50°C. After stirring the mixture for 15 min. while keeping the temperature, the reaction mixture was filtered through Hyflo super ® which was washed with ethyl acetate. The filtrate was diluted with an aqueous solution of sodium bicarbonate and sodium thiosulfate, and extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate, and evaporated. The residue was purified by silica gel column chromatography (n-hexane/ethyl acetateϭ2 : 1) to afford 6c (16.3 mg) and more polar component 6cЈ (12.9 mg) (Total 59%).
[a] D ϭ ϩ20.7°(cϭ0.78, CHCl 3 ). , and molecular sieves 4A (MS 4A) (150 mg) in dichloromethane (3 ml) at Ϫ50°C. After stirring the mixture for 2 h while keeping the temperature, the reaction mixture was filtered through Hyflo super ® which was washed with ethyl acetate. The filtrate was diluted with an aqueous solution of sodium bicarbonate and sodium thiosulfate, and extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate, and evaporated. The residue was purified by preparative silica gel thin layer chromatography (n-hexane/ethyl acetateϭ2 : 1, 5 times development) to afford 6d (7.4 3,4) (3.53 g) in pyridine (40 ml) and the mixture was stirred at the reflux temperature for 5.5 h. After the reaction, distilled water was added to the reaction mixture, which was then extracted with chloroform. The organic layer was washed with brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified by column chromatography on silica gel (n-hexane : ethyl acetateϭ1 : 2) to afford compound 9 (3.33 g, 84% in N,N-dimethylformamide (30 ml) and the mixture was stirred at 0°C for 30 min. Keeping the temperature, benzyl bromide (2.0 ml, 16.8 mmol) was added drop wise to the reaction mixture, which was stirred for 20 h at room temperature. After the reaction, the reaction mixture was poured into ice water, which was extracted with diethyl ether. The organic layer was successively washed with small amount of distilled water, a saturated aqueous solution of sodium thiosulfate, and brine, dried over magnesium sulfate, and condensed in vacuo. The residue was purified by column chromatography on silica gel (n-hexane : ethyl acetateϭ30 : 1) to afford compound 10a (2.84 1 mg) were added to a solution of compound 9 (46.7 mg, 0.073 mmol) in pyridine (2.0 ml) and the mixture was stirred at 50°C for 6 h. After removing the organic solvent in vacuo, the residue was extracted with ethyl acetate. The organic layer was washed with brine, dried over magnesium sulfate, and evaporated. The residue was purified by silica gel column chromatography (n-hexane : ethyl acetateϭ8 : 1) to afford 10b (53.2 mg, 77% 
